Abstract
INTRODUCTION
Tumour size is not only one of the key elements of tumour, node and metastasis (TNM) staging but is also one of the most important predictors of outcome in lung cancer [1] . In the lung cancer TNM staging system, the T classification is generally based on whole tumour size. However, controversy has arisen on tumour size measurement since the detection rate of ground glass nodules (GGNs) has increased significantly [2] . The fact that patients with largersized GGN tumours have favourable prognosis even after sublobar resection indicates that including the ground glass opacity (GGO) area in tumour size possibly overestimates the T status [3] [4] [5] . Both radiological and pathological data have been accumulated in support of the view that invasive size is a better prognostic indicator than whole tumour size in lung adenocarcinoma [6] . Nowadays, tumour size is still the key criterion in the recommendation for sublobar resection [7] [8] [9] ; however, whether whole tumour size or solid component size is applied is a controversial issue in clinical practice [10, 11] . Although both the 8th edition of the TNM staging and Fleischner Society unanimously recommended that a clinical T classification should be determined according to the solid component size without the GGO area, it is often difficult to distinguish the prognosis of patients with GGN tumours from those with solid tumours if they present similar solid component sizes [12, 13] . In addition, this new T classification has not been validated in sublobar resection, and there is little evidence to indicate whether measuring the solid component size is more useful when selecting candidates for sublobar resection.
Hence, the present study aimed to assess and compare the predictive values of the different T descriptors in patients with clinical Stage IA adenocarcinoma who underwent sublobar resection.
MATERIALS AND METHODS

Patient selection
The Shanghai Pulmonary Hospital Institutional Review Board approved this retrospective study. Patients with clinical Stage IA lung adenocarcinoma who underwent sublobar resection from 1 June 2009 to 31 December 2013 were retrospectively reviewed. The exclusion criteria consisted of 3 main parameters: (i) multiple lung adenocarcinomas; (ii) lesions that were pathologically diagnosed as adenocarcinoma in situ, minimally invasive adenocarcinoma or benign disease; and (iii) patients with positive lymph node cancer confirmed by intraoperatively frozen pathology.
There were 2 surgical indications of sublobar resection in our institution, including intentional and compromised sublobar resections. For intentional sublobar resection, patients were required to meet all of the following criteria according to previous studies [14, 15] : (i) <3 cm in size with pure-GGN or radiologically non-invasive appearance (consolidation/tumour ratio <0.5), (ii) location within the outer third of the lung parenchyma, (iii) general condition and respiratory function adequate for lobectomy, (iv) patient age ranging from 20 to 79 years and (v) no prior chemotherapy or radiation therapy for any malignant diseases. Compromised sublobar resection was selected for patients who could not tolerate a lobectomy for any of the following reasons: (i) patients with poor pulmonary function (%predicted forced expiratory volume in 1 s < _ 70%), (ii) patient age > _80 years and (iii) patients with severe cardiovascular disease. Intraoperative frozen section analysis was used to assess the status of resection margins and lymph nodes. Segmentectomy was followed by systematic lymphadenectomy and wedge resections by lymph node sampling.
Radiological and pathological evaluations
Two reviewers independently re-evaluated all computed tomography (CT) scans. If disagreement occurred in a patient, discussion was necessary before reaching a consensus. GGO was defined as an area of slight homogeneous increase in density that did not obscure the underlying vascular markings [16] . A GGN tumour was defined as a tumour with a GGO component on thin-section CT [17] . All tumours were classified into the GGN or solid group based on the simple presence of a GGO component. D whole was measured as the largest axial diameter of the lesion, and D solid was measured as the largest axial diameter of an area which had increased opacification completely obscuring bronchial and vascular structures on the lung window setting [level, -500 Hounsfield unit (HU); width, 1350 HU].
In our institution, scanning technical characteristics were as follows: tube voltage was 120 kVp, tube current was adjusted automatically, pitch was 0.969, reconstruction thickness was 1.0 mm, and reconstruction interval was 1.0 mm. Further, preoperative chest CT scans were obtained using scanners with 64-detector rows (Somatom Definition AS; Siemens Medical Systems, Erlangen, Germany). Moreover, a total of 235 patients [235 of 247 (95.1%)] underwent contrast material-enhanced CT, except for a few people who are allergic to contrast material. We assessed the pathologically invasive size by the methods proposed in previous study. [18] , and the invasive size was measured at Â20 or Â40 magnification on the microscope using a ruler.
Postoperative follow-up
All patients who underwent sublobar resection were followed up from the date of surgery. In the first 2 years, follow-up procedures included a physical examination, chest X-ray and blood examination, including measurements of tumour markers every 3 months and chest CT scans every 6 months. Subsequently, chest X-rays were performed every 6 months and chest CT scans were performed every year. When any symptom or sign of disease recurrence was detected, further examination was performed with brain magnetic resonance imaging and bone scintigraphy. Local recurrence was defined as tumour recurrence in the ipsilateral hemithorax, including the resection margin, ipsilateral lung and pleura or the hilum and mediastinal lymph nodes. Distant recurrence was defined as tumour recurrence in the contralateral hemithorax or extrathoracic organs. Recurrence-free survival (RFS) was defined as the time from surgery until recurrence or death from any cause.
Statistical analysis
All clinical data are shown as mean ± standard deviation and n (%). We used the Pearson v 2 test to compare categorical variables and the independent sample t-test to compare the continuous variables between different groups. The log-rank test and Cox proportional hazards regression model were applied to evaluate predictive factors for RFS. The receiver-operating characteristic analyses of D whole and D solid were used for the prediction of lymph node metastasis and pathological malignant behaviours. In addition, a logistic regression model was applied to confirm the independent predictive factors of preoperative positive lymph node. All the analyses were performed using SPSS 22.0 (IBM Corporation, Armonk, NY, USA). In the current study, a 2-sided P-value of <0.05 was considered statistically significant.
RESULTS
Overall, 247 patients with clinical Stage IA adenocarcinoma who underwent sublobar resection were recruited into our study, and the mean follow-up time was 52 months. Clinicopathological characteristics of patients are summarized in Table 1 . According to the D whole classification, the T stages of tumour distribution are as follows: (i) T1a, n = 48 (19.4%); (ii) T1b, n = 105 (42.5%); and (iii) T1c, n = 94 (38.1%). When applying the D solid classification, the rectified T stages were as follows: (i) T1a, n = 85 (34.4%); (ii) T1b, n = 95 (38.5%); and (iii) T1c, n = 67 (27.1%) (Fig. 1) Table S2 ). The RFS curves classified according to the D whole and D solid are shown in Fig. 2 . The difference in the 5-year RFS rate of the patients classified according to the D solid classification (T1a, 91.7% vs T1b, 77.8% vs T1c, 58.2%) showed a more defined separation than those of the patients classified according to the D whole classification (T1a, 91.6% vs T1b, 84.7% vs T1c, 61.7%). The difference in recurrence rate between T1a and T1b was significantly different according to the D solid classification (P = 0.002), whereas no significant difference was observed between T1a and T1b based on the D whole classification (P = 0.275). Table 2 shows the results of the univariable and multivariable Cox regression analyses of RFS, and D solid was an independent risk factor for worse RFS [hazard ratio (HR) 2.36, 95% confidence interval (CI) 1.24-4.47; P = 0.009], whereas D whole was not statistically significant (HR 1.51, 95% CI 0.79-2.89; P = 0.215). When the GGN and solid tumour groups were analysed separately, the results were similar. The RFS curves for GGN tumours according to the D whole and D solid classifications are shown in Supplementary Material, Fig. S1 . The differences in the recurrence rates of patients classified using the D solid classification were significantly different (P = 0.001); however, the recurrence rates were not significantly different when using the D whole classification (P = 0.078). In the Cox proportional hazards regression models for GGN tumours, D solid was an independent risk factor of worse RFS (HR 4.28, 95% CI 1.25-14.65; P = 0.012), whereas D whole was not (Supplementary Material, Table S3 ). The RFS curves for solid tumours according to D solid classifications are shown in Supplementary Material, Fig. S2 . As to multivariable Cox analysis, D solid was an independent risk factor of poor RFS (HR 2.05, 95% CI 1.25-3.37; P = 0.005) (Supplementary Material, Table S4 ).
To analyse the predictive value of D solid and D whole on different topics, we further conducted multivariable Cox analyses in different subgroups, including intentional versus compromised sublobar resection, wedge versus segment resection and nodal sampling versus lymphadenectomy. When subgroups were analysed according to the topics separately, the results showed that D solid was an independent risk factor of worse RFS in all subgroups except in the compromised sublobar resection subgroup, while D whole was not in all subgroups of our study (Supplementary Material, Table S5 ). GGN tumours with D whole < _2 cm showed better RFS than solid tumours (5-year RFS: 93.2% vs 79.5%, P = 0.016); however, those with D solid < _2 cm did not show significant differences compared to solid tumours (5-year RFS: 87.8% vs 79.5%, P = 0.104) (Fig. 3A  and B) . Similarly, GGN tumours with 2-3 cm D whole showed better RFS than solid tumours (5-year RFS: 71.8% vs 53.2%, P = 0.047); however, those with 2-3 cm D solid did not show significant differences compared to solid tumours (5-year RFS: 58.3% vs 57.4%, P = 0.806) (Fig. 3C and D) . Figure 4 and Table 3 show receiver-operating characteristic curves and area under the curve of the D whole and D solid used for predicting preoperative positive lymph node and pathological malignant behaviours. The present study demonstrated that D solid was more effective in predicting preoperative lymph node positive and malignant behaviours, such as micropapillary or/and solid patterns and visceral pleural invasion. Further multivariable logistic regression analysis revealed that the D solid (odds ratio 2.62, 95% CI 1.07-7.00; P = 0.026) was an independent predictive factor for preoperative positive lymph node (Table 4) .
DISCUSSION
Compared to lobectomy, sublobar resection has several advantages, including preservation of pulmonary function, improved postoperative complications and increased potential for a second resection with a subsequent primary tumour [19] . Moreover, a previous study has demonstrated that the well-selected use of sublobar resection can offer comparable survival to lobectomy [20] . Small-sized lung cancers often contain a GGO component on CT scans, which result in conflicting evidence for tumour size measurement.
The predictive value of tumour size has been verified in many publications, including large databases similar to those assembled by the Surveillance, Epidemiology and End Results (SEER) database registry and the International Association for the Study of Lung Cancer (IASLC) [21, 22] . Previous studies have evaluated and compared the prognostic significance of the solid tumour size with that of whole tumour size [10, 23] . They found that solid tumour size provides more valuable information for predicting invasiveness and prognosis. Moreover, Tsutani et al. [24] demonstrated that pathological invasive component size, rather than whole tumour size, is more significantly associated with malignant behaviours.
In the present study, GGN tumours with D whole < _2 cm showed better RFS than solid tumours; however, those with D solid < _2 cm did not. In other words, it is highly possible that T status is usually overestimated due to the GGO component in subsolid nodules according to the D whole classification. GGN tumours had similar malignancies compared to solid tumours if they present the same solid component size. Hence, GGN tumours, even those with larger whole tumour size, may be appropriate for sublobar resection as long as their solid component size meets the sublobar resection criteria.
For GGN tumours, multivariate analyses demonstrated that the solid component size rather than whole tumour size was an independent risk factor for poor RFS. This result can be explained by the fact that the solid component of GGO tumours closely correlated with the invasive component on pathology, and the invasive components of an adenocarcinoma are determinants in the prognosis of these patients [25] . Although D whole is not an independent risk factor for RFS in multivariable Cox regression analysis, the upper limit of the corresponding 95% CI is up to 2.89. It means that a patient with a higher D whole might have a 3-fold risk compared to a patient with the same D solid . Future multicentre prospective studies with larger sample sizes may address this issue.
In our study, it was more effective to use D solid instead of D whole for predicting preoperative pathological malignant behaviour, which is consistent with a previous study [26] . These findings indicate that the D solid , but not the D whole , accurately reflects tumour malignancy. Concerning the association between the tumour diameter and positive lymph node, we should take into account N-stage migration. Even for small- sized lung cancers, lymph node metastasis can be found in about 15% of lung cancers [27] . Theoretically, GGO on CT scans usually corresponds to the lepidic component on pathology, while solid components frequently indicate invasive components. Investigators have found that there was a significant correlation between the solid component size on CT and the invasive component size on pathology in lung adenocarcinomas manifesting as subsolid nodules [28, 29] . Moreover, previous studies confirmed that the invasive tumour size without the lepidic pattern was an important predictor of the outcome in Stage I lung adenocarcinoma [18, 30] . Hence, the solid component size on preoperative CT scans can predict pathological invasive size, which is very helpful for surgical decision making.
Limitations
We must acknowledge some limitations of our study. First, because of the nature of this retrospective study, performance bias and selection bias were inevitable. For example, it may not be feasible to perform sublobar resection because of some anatomical limitations on GGNs near the lung hilum. Second, there are some GGN tumours with several solid components that can pose a particular challenge, as there is no consensus on how these solid lesions should be measured, and we measured only the single largest focus of invasion and did not measure the remaining foci. Finally, positron emission tomography-CT (PET-CT) was quite expensive, and it is not covered by medical insurance in China; thus, few patients in this study had a PET-CT examination. Further multicentre studies with larger patient cohorts may address these limitations.
CONCLUSION
In conclusion, the T descriptor D solid is a better predictor of tumour recurrence than D whole after sublobar resection in clinical Stage IA lung adenocarcinoma. We provided preliminary evidence that D solid rather than D whole should be considered when selecting candidates for sublobar resection. Furthermore, our results provide some clues that sublobar resection should be performed cautiously in patients with lung adenocarcinoma manifesting as GGN with D solid >2 cm, and lobectomy might be the first choice. 
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